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Proficiency	  in	  conducting	  heuristic	  evaluations	  does	  not	  come	  easily;	  it	  is	  an	  acquired	  skill	  that	  
takes	  years	  to	  master.	   It	   is	  often	  difficult	  to	  convey	  an	  effective	  evaluation	  strategy	  through	  a	  
verbal	  approach.	  While	  communicating	  verbally,	  people	  may	  prompt	  to	  where	  they	  focus	  their	  
attention,	  but	  this	   is	  often	  difficult	  to	  convey.	  Through	  an	  eye	  tracking	  study,	  the	  relationship	  
between	  an	  expert’s	  gaze	  while	  performing	  a	  task	  and	  a	  novice’s	  learning	  to	  better	  perform	  a	  
heuristic	   evaluation	  will	   be	   explored.	   Novices	   concentrate	   on	   basic,	   but	   irrelevant	   parts	   of	   a	  
task	  while	  processing	  complex	   stimuli	  whereas	  experts	  process	   stimuli	  quicker	  while	   focusing	  
on	  relevant	  aspects.	  Finding	  a	  way	  to	  convey	  this	  to	  a	  novice	  would	  make	  a	  novice's	  approach	  
quicker	   and	   more	   efficient	   than	   before.	   It	   has	   already	   been	   shown	   in	   a	   couple	   of	   different	  
domains	   that	   watching	   an	   expert’s	   gaze	   is	   useful	   to	   novices	   in	   performing	   certain	   tasks.	  
Through	  this	  study,	  it	  will	  be	  shown	  that	  this	  method	  of	  knowledge	  transfer	  can	  be	  extended	  to	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SECTION	  1:	  INTRODUCTION	  
Heuristic	   Analyses	   are	   open-­‐ended	   and	   can	   produce	   unreliable	   results	   (Chattratichart	   &	  
Lindgaard,	  2008).	  For	  a	  novice	  usability	  practitioner,	  it	  is	  easy	  to	  come	  up	  with	  false	  positives	  (R.	  
W.	   Bailey,	   Allan,	   &	   Raiello,	   1992)	   and	   unreliable	   results	   while	   uncovering	   usability	   problems	  
through	   a	   heuristic	   evaluation.	   Expert	   usability	   practitioners	   perform	   better	   heuristic	  
evaluations	  than	  novices	  owing	  to	  practice	  and	  experience.	  
The	  aim	  of	  this	  study	  was	  to	  assess	  whether	  novice	  usability	  practitioners	  who	  see	  a	  gaze	  replay	  
of	   an	   expert	   usability	   practitioner	   would	   perform	   better	   heuristic	   evaluations	   compared	   to	  
novices	  that	  do	  not	  see	  the	  gaze	  replay	  of	  the	  expert.	  This	  comparison	  was	  made	  with	  respect	  
to	  the	  number	  of	  usability	  problems	  uncovered,	  relevance	  of	  the	  mentioned	  usability	  problem	  
to	  a	  heuristic,	  and	   the	   issue	  severity.	  This	   study	  uses	  eye	   tracking	   to	  explore	   the	   relationship	  
between	  the	  expert’s	  gaze	  and	  the	  novice’s	  gaze.	  
This	  report	  is	  divided	  into	  five	  sections.	  In	  Section	  1,	  an	  overview	  of	  eye	  tracking	  and	  the	  aim	  for	  
this	  study	  are	  discussed,	  followed	  by	  Section	  2	  where	  related	  studies	  in	  expert-­‐novice	  research	  
and	  the	  challenges	  with	  heuristic	  evaluations	  are	  explored.	  The	  study	  methodology	  is	  presented	  
in	   Section	   3,	   followed	   by	   a	   discussion	   of	   findings	   in	   Section	   4	   and	   the	   limitations	   and	  
recommendations	  for	  future	  research	  in	  Section	  5.	  
1.1	  OVERVIEW	  
Proficiency	  in	  conducting	  heuristic	  evaluations	  does	  not	  come	  easily;	  it	  is	  an	  acquired	  skill	  that	  
takes	  years	  to	  master.	   It	   is	  often	  difficult	  to	  convey	  an	  effective	  evaluation	  strategy	  through	  a	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verbal	  approach.	  While	  communicating	  verbally,	  people	  may	  prompt	  to	  where	  they	  focus	  their	  
attention,	   but	   this	   is	   difficult	   to	   convey	   with	   just	   words.	   Novices	   concentrate	   on	   basic	   but	  
irrelevant	   parts	   of	   a	   task	   while	   processing	   complex	   stimuli,	   whereas	   experts	   process	   stimuli	  
quicker	  while	  focusing	  on	  relevant	  aspects	  (Jarodzka,	  Scheiter,	  Gerjets,	  van	  Gog,	  &	  Dorr,	  2009).	  
Finding	  a	  way	  to	  convey	  the	  relevant	  aspects	  that	  expert’s	  focus	  on	  to	  a	  novice	  would	  make	  a	  
novice's	  approach	  quicker	  and	  more	  efficient.	   It	  has	  already	  been	  shown	  in	  different	  domains	  
that	  watching	  an	  expert’s	  gaze	   is	  useful	   to	  novices	  who	  are	   learning	   to	  perform	  certain	   tasks	  
like	  novice	  programmers	  finding	  bugs	  in	  code	  much	  faster	  after	  looking	  at	  a	  gaze	  replay	  (Stein	  &	  
Brennan,	  2004).	  	  
Conventional	   usability	   evaluation	   techniques	   such	   as	  usability	   testing,	   guidelines	   reviews	   and	  
cognitive	  walkthroughs	  do	  not	  provide	  information	  about	  a	  participant’s	  visual	  attention	  while	  
performing	  a	  task.	  In	  addition,	  studies	  do	  not	  use	  eye	  tracking,	  but	  it	  may	  be	  a	  useful,	  novel	  way	  
to	   teach	  novices	  how	   to	   conduct	  usability	   evaluations.	  More	  often	   than	  not,	   participants	   are	  
not	  aware	  of	  what	  they	  see	  even	  when	  their	  eyes	  fixate	  on	  that	  element	  on	  screen	  (A.Mack	  &	  
Rock,	  1998),	  and	  they	  are	  also	  biased	  in	  reporting	  their	  own	  behavior.	  Schiessl,	  Duda,	  Thölke,	  &	  
Fischer	   (2003)	   showed	   a	   disconnect	   between	   self-­‐reported	   data	   (what	   people	   say)	   and	   eye-­‐
tracking	  data	  (what	  people	  attend	  to),	  which	  resulted	  in	  the	  skewing	  of	  data	  in	  usability	  studies.	  
Eye-­‐tracking	   studies	   help	   researchers	   determine	   where	   a	   person	   looks,	   which	   in	   turn	   helps	  
them	   understand	   what	   parts	   of	   the	   interface	   get	   most	   visual	   attention.	   In	   this	   study,	   eye	  
tracking	  was	  integral	  because	  the	  gaze	  replay	  of	  experts	  was	  used	  to	  convey	  visual	  attention	  to	  
novices	   –	   this	   should	   help	   a	   novice	   understand	   the	   expert’s	   intentions	   better	   than	   just	   the	  
expert’s	  verbalization	  of	  actions.	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1.2	  HEURISTIC	  EVALUATION	  
Heuristic	   Evaluation	   is	   a	   popular	   and	  most	   used	   Usability	   Evaluation	  Method	   (UEM)	   (Law	   &	  
Hvannberg,	   2004).	   A	   typical	   heuristic	   evaluation	   is	   conducted	  by	   one	  or	  more	   experts	   and	   is	  
based	  on	  Nielsen’s	  usability	  heuristics	  (Nielsen	  &	  Molich,	  1990).	  Table	  1	  below	  shows	  the	  list	  of	  
Nielsen’s	  Usability	  Heuristics.	  
TABLE	  1:	  NIELSEN'S	  USABILITY	  HEURISTICS	  
1. Visibility	  of	  system	  status	   The	  system	  should	  always	  keep	  users	  informed	  about	  what	  is	  going	  
on,	  through	  appropriate	  feedback	  within	  reasonable	  time.	  
2. Match	  between	  system	  and	  the	  
real	  world	  
The	  system	  should	  speak	  the	  users'	  language,	  with	  words,	  phrases	  
and	  concepts	  familiar	  to	  the	  user,	  rather	  than	  system-­‐oriented	  
terms.	  Follow	  real-­‐world	  conventions,	  making	  information	  appear	  in	  
a	  natural	  and	  logical	  order.	  
3. User	  control	  and	  freedom	   Users	  often	  choose	  system	  functions	  by	  mistake	  and	  will	  need	  a	  
clearly	  marked	  "emergency	  exit"	  to	  leave	  the	  unwanted	  state	  
without	  having	  to	  go	  through	  an	  extended	  dialogue.	  Support	  undo	  
and	  redo.	  
4. Consistency	  and	  standards	   Users	  should	  not	  have	  to	  wonder	  whether	  different	  words,	  
situations,	  or	  actions	  mean	  the	  same	  thing.	  Follow	  platform	  
conventions.	  
5. Error	  prevention	   Even	  better	  than	  good	  error	  messages	  is	  a	  careful	  design	  which	  
prevents	  a	  problem	  from	  occurring	  in	  the	  first	  place.	  Either	  
eliminate	  error-­‐prone	  conditions	  or	  check	  for	  them	  and	  present	  
users	  with	  a	  confirmation	  option	  before	  they	  commit	  to	  the	  action.	  
6. Recognition	  rather	  than	  recall	   Minimize	  the	  user's	  memory	  load	  by	  making	  objects,	  actions,	  and	  
options	  visible.	  The	  user	  should	  not	  have	  to	  remember	  information	  
from	  one	  part	  of	  the	  dialogue	  to	  another.	  Instructions	  for	  use	  of	  the	  
system	  should	  be	  visible	  or	  easily	  retrievable	  whenever	  appropriate.	  
7. Flexibility	  and	  efficiency	  of	  use	   Accelerators	  -­‐-­‐	  unseen	  by	  the	  novice	  user	  -­‐-­‐	  may	  often	  speed	  up	  the	  
interaction	  for	  the	  expert	  user	  such	  that	  the	  system	  can	  cater	  to	  
both	  inexperienced	  and	  experienced	  users.	  Allow	  users	  to	  tailor	  
frequent	  actions.	  
8. Aesthetic	  and	  minimalist	  design	   Dialogues	  should	  not	  contain	  information	  which	  is	  irrelevant	  or	  
rarely	  needed.	  Every	  extra	  unit	  of	  information	  in	  a	  dialogue	  
competes	  with	  the	  relevant	  units	  of	  information	  and	  diminishes	  
Use	  Of	  Experts'	  Gaze	  By	  Novice	  Usability	  Practitioners	  To	  Perform	  A	  Better	  Heuristic	  Evaluation	  
Sree	  Anirudh	  J.	  Bhandaram	   4	  
their	  relative	  visibility.	  
9. Help	  users	  recognize,	  diagnose,	  
and	  recover	  from	  errors	  
Error	  messages	  should	  be	  expressed	  in	  plain	  language	  (no	  codes),	  
precisely	  indicate	  the	  problem,	  and	  constructively	  suggest	  a	  
solution.	  
10. Help	  and	  documentation	   Even	  though	  it	  is	  better	  if	  the	  system	  can	  be	  used	  without	  
documentation,	  it	  may	  be	  necessary	  to	  provide	  help	  and	  
documentation.	  Any	  such	  information	  should	  be	  easy	  to	  search,	  
focused	  on	  the	  user's	  task,	  list	  concrete	  steps	  to	  be	  carried	  out,	  and	  
not	  be	  too	  large.	  
	  
Heuristic	   evaluations	   usually	   take	   an	   evaluator	   around	   two	   hours	   (R.	  W.	   Bailey	   et	   al.,	   1992;	  
Chattratichart	   &	   Lindgaard,	   2008;	   Nielsen	   &	   Molich,	   1990),	   but	   this	   varies	   based	   on	   the	  
complexity	  of	   the	   interface.	   In	  a	  heuristic	  evaluation,	  an	  evaluator	   scans	   the	   interface	  one	   to	  
two	  times	  and	  develops	  a	  list	  of	  interface	  problems	  obvious	  to	  him/her,	  based	  on,	  for	  example,	  
Nielsen’s	   heuristics.	   The	   outcome	   of	   an	   evaluation	   is	   usually	   a	   list	   of	   usability	   problems	  
categorized	  by	  the	  heuristics.	  Since	  it	  is	  often	  not	  probable	  that	  one	  evaluator	  would	  identify	  all	  
positive	   and	   negative	   elements	   in	   an	   interface,	   more	   than	   one	   evaluation	   by	   different	  
evaluators	  is	  recommended.	  Another	  factor	  that	  affects	  heuristic	  evaluations	  is	  the	  experience	  
of	  the	  evaluator.	  Although	  heuristic	  evaluations	  are	  clear,	  cheap	  and	  easy	  to	  conduct,	  they	  are	  
open-­‐ended	   and	   can	   produce	   unreliable	   results	   (Chattratichart	  &	   Lindgaard,	   2008;	  Nielsen	  &	  
Molich,	  1990).	  Considering	  that	  even	  experienced	  usability	  professionals	  can	  overlook	  issues,	  it	  
is	  easy	  for	  novices	  to	  miss	  major	  problems	  during	  an	  evaluation.	  Learning	  from	  an	  expert	  would	  
extend	  a	  novice’s	  expertise	  in	  conducting	  heuristic	  evaluations,	  as	  experts	  tend	  to	  use	  different	  
knowledge-­‐based	   shortcuts.	   Passing	   these	   subtle	   cues	   on	   to	   novices	   would	   also	   facilitate	   a	  
quick	  and	  effective	  evaluation.	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SECTION	  2:	  BACKGROUND	  
2.1	  EXPERT-­‐NOVICE	  RESEARCH	  
Stein	   &	   Brennan	   (2004)	   showed	   that	   experts’	   eye	   gaze	   as	   an	   input	   can	   help	   novice	  
programmers	  code	  better.	  This	  study	  was	  conducted	  in	  two	  phases.	  Phase	  1	  had	  four	  experts	  
debugging	   code	   for	   three	   Java	   programs	   using	   the	   retrospective	   think-­‐aloud	   protocol,	   and	  
Phase	  2	  had	  six	  programmers	  divided	  into	  two	  groups	  of	  three	  with	  each	  programmer	  asked	  to	  
find	  eight	  bugs	   in	   the	  code.	   In	  Phase	  1,	  each	  expert	  was	  given	  up	   to	   ten	  minutes	   to	   find	   the	  
bugs.	   Each	   video	  was	   between	   30	   to	   150	   seconds	   in	   length.	   In	   Phase	   2,	   the	   first	   group	  was	  
informed	  that	  they	  would	  watch	  videos	  of	  experts	  finding	  out	  some,	  but	  not	  all	  bugs.	  The	  other	  
group	  was	  not	  shown	  any	  videos	  at	  all.	  The	  programmers	  who	  watched	  videos	  were	  allowed	  to	  
view	  the	  videos	  as	  many	  times	  as	  they	  wanted	  because	  memory	  load	  was	  not	  being	  tested	  in	  
this	  study.	  
The	   findings	   of	   the	   study	   by	   Stein	   &	   Brennan	   (2004)	   suggest	   that	   it	  may	   be	   confusing	   for	   a	  
novice	  to	  watch	  an	  expert’s	  eye	  gaze	  that	   follows	  a	  complex	  path.	  Also,	   if	  an	  expert	  switches	  
between	   two	   sections	  of	   the	   code	  while	  debugging	   it,	   there	  might	  be	   a	   connection	  between	  
these	   two	   sections.	   The	   study	   also	   suggests	   that	   novices	  may	  be	   able	   to	   identify	   the	   section	  
where	  a	  bug	  may	  occur,	  but	  not	  the	  bug	  itself,	  which	  is	  advantageous	  to	  the	  novice’s	  learning	  as	  
the	  expert	  was	  not	  directly	  pointing	  to	  the	  broken	  code.	  The	  authors	  recommend	  the	  use	  of	  an	  
expert’s	  voice	  through	  retrospective	  think-­‐aloud	  protocol	  to	  help	  novices	  beyond	  just	  watching	  
an	  experts	  gaze	  replay.	  By	  looking	  at	  novices’	  eye	  gaze,	  we	  can	  better	  determine	  their	  state	  of	  
(mis)understanding.	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In	   another	   study	   conducted	   by	   Jarodzka	   et	   al.	   (2009),	   participants	   were	   divided	   into	   two	  
groups:	  the	  control	  group	  and	  the	  gaze	  display	  group.	  All	  participants	  were	  shown	  four	  videos.	  
Participants	  were	  evaluated	  based	  on	  a	   free	  description	  of	   the	   locomotive	  pattern	  of	   the	  fish	  
shown	   in	   the	   videos.	   The	  participant	  was	   asked	   to	   look	   at	   an	  expert’s	   gaze	   replay	   video	  and	  
then	   a	   fixation	   cross	   was	   displayed	   appeared	   for	   two	   seconds	   before	   the	   video	   began;	   the	  
participant’s	   eye	  movements	  were	   recorded.	   The	   control	   group	  watched	  unaltered	   videos	   of	  
the	   locomotion	   pattern,	  whereas	   the	   gaze	   display	   group	  watched	   videos	   superimposed	  with	  
gaze	  data.	  	  
Jarodzka	   et	   al.	   (2009)	   showed	   how	   displaying	   experts’	   eye	   gaze	   to	   novices	   was	   helpful	   in	  
completing	   complex	   tasks	   with	   rich	   visual	   components.	   Participant’s	   who	   watched	   the	   gaze	  
video	   attended	   to	   the	   stimulus	   much	   faster	   compared	   to	   the	   control	   group.	   Additionally,	  
participants	   in	   the	  gaze	  display	  group	   interpreted	   the	  stimulus	  more	  often	  correctly	   than	   the	  
control	  group.	  Novices	  tended	  to	  concentrate	  on	  “saliency	  rather	  than	  to	  those	  aspects	  that	  are	  
relevant	   for	   task	   performance”	   (Lowe,	   1999;	   cited	   in	   Jarodzka	   et	   al.	   2009,	   pg.2920)	   while	  
processing	   complex	   stimuli.	   On	   the	   other	   hand,	   experts	   focused	   on	   more	   relevant	   aspects	  
which	  may	  be	  attributed	  to	  the	  experts’	  years	  of	  experience	  and	  the	  quality	  of	  this	  experience.	  
Experts	   also	   tended	   to	   use	   knowledge-­‐based	   shortcuts;	   thus	   the	   study	   recommends	   using	   a	  
didactical	   approach	   to	   the	   think	   aloud	   method.	   This	   ensures	   that	   think	   aloud	   reporting	   is	  
geared	   towards	   the	   viewers	   of	   the	   gaze	   video	   rather	   than	   focusing	   on	   the	   content	   of	   the	  
interface	   being	   reviewed.	   Jarodzka	   et	   al.	   (2009)	   suggest	   that	   future	   research	   could	   include	  
showing	  participants	  the	  average	  gaze	  video	  of	  several	  experts	  instead	  of	  a	  single	  expert	  as	  it	  is	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already	   shown	   that	   learning	   from	   multiple	   approaches	   to	   solve	   a	   problem	   is	   beneficial	  
(Atkinson	  et.	  Al.,	  2000;	  cited	  in	  Jarodzka	  et	  al.	  2009,	  pg.2924).	  
2.2	  HEURISTIC	  EVALUATIONS	  
Law,	  E.	  L.,	  &	  Hvannberg,	  E.	  T.	  (2004)	  studied	  two	  strategies	  for	  improving	  the	  effectiveness	  of	  
Heuristic	  Evaluation:	  selection	  of	  usability	  guidelines	  and	  provision	  of	  support	  and	  training.	  The	  
authors	  compared	  Nielsen’s	   ten	  usability	  heuristics	   to	  Gerhardt-­‐Powals’	  cognitive	  engineering	  
principles	  (Gerhardt-­‐Powals,	  1996;	  cited	  in	  Law,	  E.	  L.-­‐C.,	  &	  Hvannberg,	  E.	  T.,	  2004)	  (see	  Table	  2).	  
According	   to	   the	   findings	  of	   this	   study,	  Nielsen’s	  heuristics	  are	  more	  effective	   than	  Gerhardt-­‐
Powals’	   cognitive	   engineering	   principles	   in	   capturing	   actual	   usability	   problems.	   Nielsen’s	  
heuristics	   are	   relatively	   easy	   to	   comprehend	   because	   they	   are	   written	   in	   simple,	   commonly	  
used	  sentences,	  whereas	  Gerhardt-­‐Powals’	  principles	  are	  presented	  in	  difficult	  technical	  terms.	  
In	  addition,	  Nielsen’s	  heuristics	  are	  well	  known	  to	  novice	  and	  expert	  usability	  practitioners	  and	  
thus	  will	  be	  the	  usability	  evaluation	  method	  of	  choice	  for	  this	  study.	  
TABLE	  2:	  GERHARDT-­‐POWALS’	  PRINCIPLES	  (GERHARDT-­‐POWALS,	  1996;	  CITED	  IN	  LAW	  &	  HVANNBERG	  
2004)	  
1. Automate	  unwanted	  workload	  
2. Reduce	  uncertainty	  
3. Use	   data	   -­‐	   reduce	   cognitive	   load	   by	   bringing	   together	   lower	   level	  
data	  into	  a	  higher	  level	  summation	  
4. Present	  new	  information	  with	  meaningful	  aids	  to	  interpretation	  
5. Use	  names	  that	  are	  conceptually	  related	  to	  function	  
6. Group	   data	   in	   consistently	   meaningfully	   ways	   to	   decrease	   search	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time	  
7. Limit	  data-­‐driven	  tasks	  
8. Include	  in	  the	  displays	  only	  that	  information	  needed	  by	  the	  users	  at	  
a	  given	  time	  
9. Provide	  multiple	  coding	  of	  data	  
10. Practice	  judicious	  redundancy	  
2.3	  HEURISTIC	  EVALUATION	  QUALITY	  SCORE	  
In	  order	   to	   compare	  heuristic	  evaluation	  performance	  between	   the	   treatment	  group	  and	   the	  
control	   group,	   this	   study	   requires	   a	  method	   to	  measure	   the	   evaluation	   skills	   of	   participants.	  
Kirmani	  &	   Rajasekaran	   (2007)	   propose	   a	   framework	   to	  measure	   heuristic	   evaluation	   skills	   of	  
different	   evaluators:	   Heuristic	   Evaluation	   Quality	   Score	   (HEQS)	   is	   a	   weighted	   score	   of	   an	  
evaluator	  based	  on	  the	  issues	  identified	  through	  their	  evaluation	  and	  the	  severity	  of	  each	  issue.	  
HEQS%	  is	  calculated	  by	  comparing	  an	  individual	  HEQS	  to	  the	  benchmark	  HEQS.	  Since	  there	  is	  no	  
real	   measure	   of	   a	   heuristic	   evaluation	   performance,	   this	   relative	   score,	   based	   on	   the	   data	  
collected	  from	  study	  participants,	  is	  the	  best	  way	  to	  measure	  heuristic	  evaluation	  performance.	  
Figure	  1	  below	  shows	  the	  formula	  to	  calculate	  the	  HEQS%	  for	  each	  evaluator.	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FIGURE	  1:	  FORMULA	  TO	  CALCULATE	  HEURISTIC	  EVALUATION	  QUALITY	  SCORE	  %	  (HEQS%)	  
Steps	   to	  measure	  heuristic	  evaluation	  skills	  were	  adapted	   from	  Kirmani	  &	  Rajasekaran	   (2007)	  
and	  used	  as	  a	  primary	  data	  point	  of	  comparison	   in	  this	  study.	  Table	  3	  below	  shows	  the	  steps	  
recommended	  by	  Kirmani	  &	  Rajasekaran	  (2007)	  to	  calculate	  HEQS%.	  
TABLE	  3:	  STEPS	  TO	  MEASURING	  HEURISTIC	  EVALUATION	  SKILLS	  (ADAPTED	  FROM	  KIRMANI	  &	  
RAJASEKARAN	  (2007)	  
1. Identify	  the	  website	  and	  heuristics	  to	  be	  used	  
2. Standardize	  the	  scope	  of	  evaluation	  
3. Provide	  a	  knowledge	  transfer	  
4. Standardize	  the	  time	  for	  the	  evaluation	  
5. Proceed	  to	  evaluate	  
6. Two	  experts	   individually	  assign	   severity	   ratings	   to	  each	  evaluators	  
issues	  
7. Two	  experts	  collaborate	  to	  arrive	  at	  issue	  severity	  consensus	  
8. Use	  the	  individual	  evaluations	  to	  arrive	  at	  the	  benchmark	  
9. Use	  the	  benchmark	  to	  measure	  the	  skills	  of	  each	  evaluator	  
10. Derive	  insights	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SECTION	  3:	  METHODOLOGY	  
3.1	  EXPERIMENTAL	  DESIGN	  
This	   study	   used	   a	   single-­‐factor	   between-­‐subjects	   design,	   where	   both	   groups	   of	   participants	  
conducted	   a	   heuristic	   evaluation	   on	   the	   same	   website.	   Before	   conducting	   the	   heuristic	  
evaluation,	   each	  participant	  watched	   a	   video	  of	   an	   expert	   usability	   practitioner	   conducting	   a	  
heuristic	  evaluation	  in	  a	  more	  didactic	  manner	  i.e.,	  focus	  on	  teaching	  a	  novice	  how	  to	  perform	  a	  
heuristic	  evaluation	  in	  addition	  to	  performing	  the	  evaluation.	  The	  treatment	  group	  watched	  the	  
expert’s	  video	  with	  the	  expert’s	  gaze	  overlaid,	  and	  the	  control	  group	  watched	  the	  video	  without	  
the	  expert’s	  gaze.	  The	  independent	  variable	  in	  this	  study	  was	  the	  gaze	  replay	  of	  the	  expert.	  The	  
dependent	   variable	   in	   this	   study	   was	   the	   participant’s	   heuristic	   evaluation	   performance,	  
measured	  using	  the	  HEQS%.	  
3.2	  PARTICIPANTS	  
Participants	   were	   recruited	   using	   a	   screener	   survey	   (See	   Appendix.	   A)	   sent	   out	   using	   two	  
different	  methods.	  An	  email	  was	  sent	  to	  the	  students	  of	  the	  User	  Experience	  Design	  Immersive	  
course	   at	   General	   Assembly	   D.C.,	   inviting	   participation	   from	   the	  Washington,	   D.C.,	   Northern	  
Virginia	   and	   Northern	   Maryland	   metro	   areas.	   Invitation	   messages	   were	   also	   posted	   to	   the	  
researcher’s	  social	  media	  network	  including	  Facebook	  and	  Twitter.	  
The	  following	  specifies	  the	  attributes	  of	  each	  participant	  category:	  
Novice	  usability	  practitioners	  must:	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• have	  up	  to	  three	  years	  of	  experience	  in	  usability	  and	  human	  factors;	  
• know	  how	  to	  perform	  a	  heuristic	  evaluation;	  
• have	  conducted	  at	  least	  one	  heuristic	  evaluation	  in	  the	  past	  three	  years.	  
Expert	  usability	  practitioners	  must:	  
• have	  five	  years	  of	  experience	  or	  more	  in	  usability	  and	  human	  factors;	  
• know	  how	  to	  perform	  a	  heuristic	  evaluation;	  
• have	  conducted	  at	  least	  five	  heuristic	  evaluations	  in	  the	  past	  three	  years.	  
Participants	   were	   randomly	   assigned	   to	   two	   groups:	   Control	   Group	   (CG),	   which	   evaluated	   a	  
website	  without	  watching	  an	  experts	  gaze	  replay,	  and	  Treatment	  Group	  (TG),	  which	  evaluated	  a	  
website	  after	  watching	  an	  experts	  gaze	   replay	  video.	  Group	  assignments	  were	  done	  using	  an	  
online	   subject	   randomizer	   tool	   (http://www.graphpad.com/quickcalcs/randomize2/).	   Table	   4	  
below	  shows	  participant	  assignments.	  
TABLE	  4:	  PARTICIPANT	  ASSIGNMENTS	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H0:	   There	   is	   no	   significant	   difference	   for	   heuristic	   evaluation	   performance	   between	   the	  
treatment	  group	  and	  the	  control	  group	  
H1:	  There	  is	  a	  significant	  difference	  in	  heuristic	  evaluation	  performance	  between	  the	  treatment	  
group	  and	  the	  control	  group	  
H2:	  The	  treatment	  group	  has	  a	  better	  heuristic	  evaluation	  performance	  than	  the	  control	  group	  
3.4	  LOCATION	  AND	  SETUP	  
The	  study	  was	  run	   in	  the	  usability	   lab	  at	  SPARK	  Experience	   in	  Bethesda,	  MD.	  All	  studies	  were	  
run	   in	   the	   same	   lab	   with	   the	   same	   equipment	   to	   eliminate	   the	   effect	   of	   environmental	  
differences	   in	   between-­‐subjects	   design.	   The	   study	   used	   a	   Tobii	   X2-­‐30	   eye	   tracker	   (See	  
Appendix.	   D)	   with	   a	   data	   rate	   of	   30Hz.	   The	   eye	   tracker	   was	   a	   remote	   (non-­‐obtrusive)	   eye	  
tracker.	   The	   eye	   tracker	   was	   positioned	   below	   the	   test	   monitor	   and	   captured	   a	   corneal	  
reflection	   with	   a	   range	   of	   40cm	   -­‐	   90cm.	   Tobii	   Studio	   Software	   v3.3.1	   was	   used	   to	   calibrate	  
participants	  and	  collect	  eye-­‐tracking	  data,	  and	  the	  researcher	  determined	  calibration	  success	  or	  
failure	   before	   starting	   the	   study.	   If	   the	   calibration	   was	   incorrect,	   the	   participant	   was	  
recalibrated	  before	  proceeding.	  
3.4	  STUDY	  PROCEDURE	  
The	  study	  was	  carried	  out	  in	  two	  phases.	  In	  Phase	  1,	  an	  expert	  usability	  practitioner	  performed	  
a	   heuristic	   evaluation	   on	   http://www.allegany.edu.	   The	   expert	   was	   informed	   that	   his	   gaze	  
replay	  would	  be	  used	  as	  treatment	  in	  Phase	  2	  of	  the	  study	  and	  was	  instructed	  to	  perform	  the	  
evaluation	   in	  a	  didactic	  manner.	  This	  whole	  process	   took	  about	  60	  minutes	   to	  complete,	  and	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Tobii	   Studio	  was	  used	   to	  export	   two	  videos	  of	   the	  expert’s	  evaluation:	  one	  with	   the	  expert’s	  
gaze	   overlay	   and	   the	   other	   without	   the	   gaze.	   Figure	   2	   below	   shows	   the	   homepage	   of	   the	  
website	  used	  by	  the	  expert.	  
	  
FIGURE	  2:	  WEBSITE	  USED	  BY	  EXPERT	  TO	  PERFORM	  A	  HEURISTIC	  EVALUATION	  
In	  Phase	  2,	  each	  participant	  session	  lasted	  45	  –	  60	  minutes.	  Participants	  arrived	  at	  the	  usability	  
lab	  and	  were	  instructed	  to	  read	  and	  sign	  a	  consent	  form	  (See	  Appendix	  B).	  After	  consenting	  to	  
participate	   in	   the	   study,	   participants	  were	   asked	   to	   review	  Nielsen’s	  Usability	  Heuristics	   (See	  
Appendix.	   C)	   to	   help	   familiarize	   themselves	   with	   the	   heuristics	   before	   proceeding	   with	   the	  
study.	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Based	   on	   the	   group	   assignment,	   participants	   either	   watched	   a	   treatment	   video	   or	   a	   control	  
video	  for	  the	  first	  15	  minutes	  of	  the	  study.	  Participants	  were	  instructed	  to	  pay	  attention	  to	  the	  
expert’s	  didactical	  account	  of	  their	  heuristic	  evaluation	  in	  the	  video.	  After	  watching	  the	  expert	  
video,	   participants	   were	   given	   two	   minutes	   to	   perform	   a	   sample	   heuristic	   evaluation	   on	  
http://www.utb.edu	   to	   familiarize	   themselves	   with	   the	   heuristic	   evaluation	   record	   template	  
(adapted	   from	  Kirmani	  &	   Rajasekaran	   (2007),	   See	   Appendix.	   E)	   and	   the	   think-­‐aloud	  method.	  
Figure	  3	  below	  shows	  the	  template	  used	  by	  participants	  to	  report	  issues.	  
	  
FIGURE	  3:	  HEURISTIC	  EVALUATION	  RECORD	  TEMPLATE	  
The	  next	  part	  of	  the	  study	  involved	  conducting	  an	  actual	  heuristic	  evaluation	  for	  15	  minutes	  on	  
http://www.garrettcollege.edu.	   Participants	   were	   instructed	   to	   use	   a	   think-­‐aloud	  method	   to	  
verbalize	   their	   actions.	   Participants	   used	   the	   heuristic	   evaluation	   record	   template	   to	   capture	  
the	  following	  for	  each	   issue	   identified:	  Page	  Title,	   Issue	  Description	  and	  Heuristic	  Violated.	  To	  
make	  it	  easy	  to	  record	  the	  heuristic,	  the	  heuristic	  evaluation	  record	  template	  had	  a	  dropdown	  
list	   of	   heuristics	   to	   choose	   from.	   Participants	  were	   given	   a	   five-­‐minute	   and	   one-­‐minute	   time	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warning	   so	   that	   they	   could	  wrap	  up	   their	   evaluation	   in	   time.	   Figure	  4	   shows	   the	  website	   for	  
Garrett	  Community	  College	  used	  by	  novices.	  
	  
FIGURE	  4:	  WEBSITE	  USED	  BY	  NOVICE	  PARTICIAPANTS	  TO	  PERFORM	  A	  HEURISTIC	  EVALUATION	  
The	  websites	   chosen	   for	   this	   study	   were	   both	   Community	   College	   websites.	   These	   websites	  
were	   chosen	  after	   a	  preliminary	   review	  by	   the	   researcher	   to	   confirm	   that	   they	  had	   interface	  
issues	  that	  could	  be	  easily	  identified	  by	  novices.	  
After	   the	   evaluation,	   the	   participants	   completed	   a	   post-­‐evaluation	   questionnaire	   (See	  
Appendix.	   F),	  with	  open-­‐ended	  questions	  about	   the	  expert	   video,	   the	  website	  evaluated,	   the	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heuristic	  evaluation	  and	  the	  eye-­‐tracking	  study.	  The	  treatment	  group	  was	  asked	  an	  additional	  
question	  about	  the	  expert’s	  gaze	  replay.	  
3.5	  DATA	  COLLECTION	  
Qualitative	  and	  quantitative	  data	  were	  collected.	  The	   three	  methods	  used	   to	  collect	  data	  are	  
listed	  below.	  
Heuristic	   Evaluation	   Record	   Template:	   This	   template	   was	   adapted	   from	   the	   original	   record	  
template	  proposed	  by	  Kirmani	  and	  Rajasekharan	  (2007).	   It	  was	  modified	  to	   include	  Page	  Title	  
and	  to	  delete	  Issue	  Severity.	  This	  template	  was	  used	  by	  novice	  participants	  to	  record	  issues	  (See	  
Figure	  3	  above)	  during	  their	  heuristic	  evaluations	  and	  was	  used	  by	  experts	  in	  the	  analysis	  phase	  
of	   the	  study.	  Based	  on	   the	  method	  proposed	  by	  Kirmani	  and	  Rajasekaran	   (2007),	   the	  HEQS%	  
was	  calculated	  for	  each	  group	  and	  was	  used	  as	  the	  main	  data	  point	  in	  this	  study	  (quantitative).	  
Eye-­‐Tracking	  Data:	  The	  eye	  tracker	  software,	  Tobii	  Studio,	  is	  capable	  of	  producing	  a	  number	  of	  
eye-­‐tracking	   metrics.	   This	   study	   analyzed	   novice	   participants	   eye-­‐tracking	   data	   for	   specific	  
Areas	   of	   Interest	   (AOI)	   to	   calculate	   fixation	   count	   (quantitative)	   and	   export	   BeeSwarms	   and	  
Heatmaps	  to	  visualize	  the	  fixations	  (qualitative)	  	  
Post-­‐Evaluation	   Questionnaire:	   A	   post-­‐evaluation	   questionnaire	   (See	   Appendix.	   F)	   was	  
presented	   to	  participants	   from	  both	  groups.	   The	  questionnaires	  asked	  open-­‐ended	  questions	  
about	   the	   expert	   video,	   the	  website	   evaluated,	   the	   heuristic	   evaluation	   process	   and	   the	   eye	  
tracking	  study	   (qualitative).	  The	  treatment	  group	  was	  asked	  an	  additional	  question	  about	   the	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expert’s	   gaze	   replay	   to	   gather	   qualitative	   feedback	   about	   the	   independent	   variable	   (gaze	  
replay).	  
3.6	  DATA	  ANALYSIS	  
In	  the	  data	  analysis	  phase,	  two	  experts	  (who	  were	  not	   involved	   in	  the	  previous	  phases	  of	  the	  
study)	   individually	   reviewed	   each	   participant’s	   heuristic	   evaluation	   for	   issue	   validity	   and	  
identified	  the	  following	  four	  data	  points:	  
• False	  Positives:	  issues	  that	  aren’t	  really	  issues	  
• Wrong	  Severity	  Assignments:	  issues	  assigned	  a	  wrong	  severity	  rating	  
• Misclassified	  Issues:	  issues	  classified	  under	  the	  wrong	  heuristic	  
• Ambiguous	  Issues:	  issues	  that	  were	  confusing	  to	  the	  experts.	  
After	   the	   initial	   round	   of	   individual	   reviews,	   the	   experts	   were	   invited	   to	   a	   facilitated	  
collaborative	  review	  session.	  In	  this	  session,	  experts	  reviewed	  issues	  that	  they	  disagreed	  upon	  
and	  came	  to	  a	  consensus	  for	  each	  issue	  after	  a	  discussion.	  Experts	  also	  collated	  issues	  from	  all	  
participants	  and	  identified	  unique	  issues	  for	  the	  benchmark.	  	  
All	  ambiguous	  issues	  and	  false	  positives	  were	  eliminated	  and	  the	  remaining	  issues	  were	  used	  in	  
the	  calculation	  of	  metrics	   including	  HEQS	  and	  HEQS%.	  These	  calculations	  were	  done	  on	  both	  
individual	  and	  group	  data.	  A	  t-­‐test	  for	  significance	  was	  then	  used	  to	  verify	  whether	  there	  was	  a	  
significant	   difference	   between	   each	   group’s	   HEQS%	   scores.	   The	   eye-­‐tracking	   data	   obtained	  
from	  each	  group	  was	  also	  analyzed	  for	  number	  of	  fixations	  within	  the	  Areas	  of	   Interest	  (AOI),	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and	   BeeSwarms	   and	   Heatmaps	   were	   exported	   and	   viewed	   to	   assess	   novice	   participants’	  
viewing	  behavior	  when	  watching	  the	  expert’s	  video.	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SECTION	  4:	  RESULTS	  
Fourteen	   usability	   professionals,	   aged	   18	   to	   54	   years,	   were	   selected	   to	   participate	   in	   the	  
heuristic	  evaluation	  eye-­‐tracking	  study.	  Participants	  were	  recruited	  from	  the	  Washington,	  D.C.	  
metro	  area	  using	  email	  and	  messages	  posted	  on	   the	  researcher’s	   social	  media	  networks.	  Ten	  
participants	   (five	   females	   and	   five	   males)	   completed	   the	  main	   study;	   two	   participants	   were	  
selected	  to	  participate	  in	  the	  study	  pilot;	  one	  participant	  failed	  to	  show	  up	  for	  the	  study.	  One	  
participant’s	  data	  had	  to	  be	  discarded	  because	  she	  did	  not	  have	  any	  experience	  in	  conducting	  
heuristic	  evaluations	  as	  required	  by	  the	  study.	  
4.1	  PARTICIPANT	  DEMOGRAPHICS	  AND	  EXPERIENCE	  
4.1.1	  PARTICIPANT	  DEMOGRAPHICS	  
Participants	  were	  asked	  to	  report	   their	  age	  as	  part	  of	  a	  pre-­‐study	  demographic	  questionnaire	  
(See	  Appendix.	  F).	  Five	  participants	  were	  25-­‐34	  years	  old,	  two	  participants	  were	  18	  –	  24	  years	  
old	  and	  one	  participant	  was	  35	  –	  44	  years	  old.	  Figure	  1	  below	  shows	  the	  distribution	  of	  ages	  of	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FIGURE	  5:	  DISTRIBUTION	  OF	  PARTICIPANT	  AGE	  
4.1.2	  PARTICIPANT	  EXPERIENCE	  IN	  USABILITY	  AND	  HUMAN	  FACTORS	  
This	  questionnaire	  asked	  participants	  about	  the	  number	  of	  years	  of	  experience	  in	  usability	  and	  
human	  factors.	  Five	  participants	  had	  1	  –	  3	  years	  of	  experience	  in	  usability,	  four	  participants	  had	  
less	   than	  one	  year	  of	  experience	  and	  one	  participant	  had	  3	  –	  5	  years	  of	  experience.	  Figure	  2	  
below	  shows	  the	  distribution	  of	  participants’	  usability	  and	  human	  factors	  experience.	  
	  
FIGURE	  6:	  DISTRIBUTION	  OF	  PARTICIPANT	  USABILITY	  EXPERIENCE	  
4.1.3	  PARTICIPANT	  EXPERIENCE	  IN	  CONDUCTING	  HEURISTIC	  EVALUATIONS	  
It	   was	   important	   for	   study	   participants	   to	   have	   a	   basic	   understanding	   of	   how	   to	   conduct	   a	  
heuristic	   evaluation.	   The	   screener	   survey	   asked	   participants	   how	  many	   heuristic	   evaluations	  
they	   conducted	   in	   the	   last	   three	   years.	   Participants	   performed	   an	   average	   of	   3.1	   heuristic	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being	  the	  highest	  number	  of	  evaluations	  performed.	  Figure	  3	  below	  shows	  a	  distribution	  of	  the	  
number	  of	  heuristic	  evaluations	  performed	  by	  participants	  in	  the	  last	  three	  years.	  
	  
FIGURE	  7:	  NUMBER	  OF	  HEURISTIC	  EVALUATIONS	  PERFORMED	  IN	  THE	  LAST	  THREE	  YEARS	  
Participants	  were	  also	  asked	   the	   reason	   they	  performed	  heuristic	  evaluations	   in	   the	  screener	  
survey	  and	  they	  could	  choose	  any	  number	  of	  answers	  from	  the	  list	  of	  options	  presented	  in	  the	  
question.	  Eight	  participants	  reported	  that	  they	  performed	  heuristic	  evaluations	  as	  a	  part	  of	  an	  
academic	  or	  instructional	  course,	  five	  participants	  performed	  heuristic	  evaluations	  as	  a	  part	  of	  
their	  jobs	  and	  two	  participants	  performed	  heuristic	  evaluations	  as	  a	  part	  of	  a	  freelance	  project.	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FIGURE	  8:	  REASON	  FOR	  PERFORMING	  HEURISTIC	  EVALUATIONS	  
4.2	  EXPERT	  USABILITY	  PRACTITIONER	  HEURISTIC	  EVALUATION	  
In	  Part	  1	  of	  the	  study,	  an	  expert	  usability	  practitioner	  conducted	  a	  heuristic	  evaluation	  of	  the	  
Allegany	  College	  of	  Maryland	  (See	  Figure	  2	  above).	  The	  expert	  used	  the	  Concurrent	  Think	  Aloud	  
(CTA)	  method	  to	  verbalize	  his	  actions	  while	  performing	  the	  evaluation.	  
After	  the	  completion	  of	  the	  study,	  the	  researcher	  used	  Tobii	  Studio	  to	  export	  two	  videos,	  one	  
with	   the	   expert’s	   gaze	   replay	   overlaid	   (See	   Figure	   9	   below	   for	   a	   screenshot)	   and	   another	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  performing	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Number	  of	  respondents	  =	  10	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FIGURE	  9:	  EXPERTS	  VIDEO	  WITH	  GAZE	  REPLAY	  
	  
FIGURE	  10:	  EXPERTS	  VIDEO	  WITHOUT	  GAZE	  REPLAY	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4.3	  NOVICE	  USABILITY	  PRACTITIONERS’	  HEURISTIC	  EVALUATION	  
In	   Part	   2	   of	   the	   study,	   ten	   novice	   usability	   practitioners	   were	   randomly	   assigned	   to	   the	  
Treatment	   and	   Control	   groups	   (See	   Table	   4	   above	   for	   assignments)	   and	   the	   study	   was	   run	  
according	  the	  procedure	  outlined	  in	  3.4	  Study	  Procedure	  section	  above.	  	  
After	  each	  participant	  completed	  a	  heuristic	  evaluation,	  his/her	  data	  was	  collected	  and	  collated	  
to	   the	   master	   heuristic	   record	   spreadsheet.	   Figure	   11	   below	   shows	   a	   sample	   heuristic	  
evaluation	  record	  from	  a	  study	  participant.	  
	  
FIGURE	  11:	  SAMPLE	  HEURISTIC	  EVALUATION	  RECORDS	  
4.4	  HEQS%	  DATA	  ANALYSIS	  
4.4.1	  HEURISTIC	  EVALUATION	  RESPONSE	  
A	  total	  of	  127	  items	  were	  identified	  by	  all	  participants	  through	  their	  heuristic	  evaluation	  of	  the	  
stimulus	  website,	  www.garrettcollege.edu	  (See	  Figure	  4	  above).	  The	  treatment	  group	  identified	  
a	  total	  of	  64	  items,	  (50.39%	  of	  all	   items).	  The	  control	  group	  identified	  63	  items,	  (49.61%	  of	  all	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items).	  After	  an	  exhaustive	  review	   individually,	   followed	  by	  a	  collaborative	  group	  session,	   the	  
two	   experts	   found	   that	   66	   items	   (51.97%)	  were	   interface	   issues,	  whereas	   28	   items	   (22.05%)	  
were	   false	   positives	   and	   33	   items	   (25.98%)	  were	   too	   ambiguous	   and	   confusing	   to	   classify	   as	  
issues.	  Table	  5	  below	  shows	  a	  list	  of	  all	  items	  broken	  out	  by	  the	  treatment	  and	  control	  groups.	  
















Treatment	   64	   28	   14	   22	  
Control	   63	   38	   14	   11	  
Total	   127	   66	   28	   33	  
	  
Consistent	  with	  Kirmani	  and	  Rajasekaran	  (2007),	  while	  measuring	  the	  performance	  across	  the	  
different	  groups,	   it	  was	   important	   to	  only	  use	  the	   items	  categorized	  by	  the	  experts	  as	   issues.	  
The	   HEQS	   score,	   Benchmark	   HEQS	   and	   the	   HEQS%	  were	   all	   calculated	   out	   of	   these	   66	   valid	  
issues	  identified	  by	  experts.	  
4.4.2	  HEURISTIC	  EVALUATION	  QUALITY	  SCORE	  %	  
The	   Heuristic	   Evaluation	   Quality	   Score	   (HEQS)	   was	   calculated	   for	   each	   participant	   using	   the	  
formula	  below.	  
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝐻𝐸𝑄𝑆  (𝑜𝑟  𝐻𝐸𝑄𝑆)
=    (𝑇𝑜𝑡𝑎𝑙  𝑆ℎ𝑜𝑤𝑠𝑡𝑜𝑝𝑝𝑒𝑟𝑠  𝑓𝑜𝑟  𝑎𝑛  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙) ∗ 5   +   (𝑇𝑜𝑡𝑎𝑙  𝑀𝑎𝑗𝑜𝑟  𝐼𝑠𝑠𝑢𝑒𝑠  𝑓𝑜𝑟  𝑎𝑛  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙) ∗ 3  
+   (𝑇𝑜𝑡𝑎𝑙  𝐼𝑟𝑟𝑖𝑡𝑎𝑛𝑡𝑠  𝑓𝑜𝑟  𝑎𝑛  𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙) ∗ 1  	  
Individual	  HEQS	  scores	  for	  study	  participants	  are	  listed	  in	  Table	  6	  below.	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TABLE	  6:	  INDIVIDUAL	  HEQS	  SCORES	  
Treatment	  Group	   Control	  Group	  
Participant	   HEQS	   Participant	   HEQS	  
P02	   13	   P01	   17	  
P04	   3	   P03	   13	  
P07	   10	   P05	   14	  
P08	   8	   P09	   4	  
P11	   12	   P10	   16	  
	  
The	   next	   step	  was	   to	   identify	   Benchmark	   issues	   from	   the	   list	   of	   all	   issues	   classified	   as	   valid.	  
According	  to	  Kirmani	  and	  Rajasekaran	  (2007),	  a	  benchmark	  is	  “a	  collation	  of	  all	  the	  unique	  and	  
valid	  issues	  of	  all	  the	  evaluators.”	  The	  two	  experts	  reviewed	  a	  list	  of	  all	  valid	  issues	  to	  identify	  
the	  ones	  that	  were	  unique	  and	  agreed	  on	  a	  list	  of	  46	  issues.	  These	  were	  used	  in	  the	  calculation	  
of	  Benchmark	  HEQS.	  The	  Benchmark	  HEQS	  was	  calculated	  using	  the	  formula	  below.	  
𝐵𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘  𝐻𝐸𝑄𝑆  
=    (𝑇𝑜𝑡𝑎𝑙  𝑆ℎ𝑜𝑤𝑠𝑡𝑜𝑝𝑝𝑒𝑟𝑠  𝑜𝑓  𝑡ℎ𝑒  𝑏𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘) ∗ 5   +   (𝑇𝑜𝑡𝑎𝑙  𝑀𝑎𝑗𝑜𝑟  𝐼𝑠𝑠𝑢𝑒𝑠  𝑜𝑓  𝑡ℎ𝑒  𝑏𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘) ∗ 3  
+   (𝑇𝑜𝑡𝑎𝑙  𝐼𝑟𝑟𝑖𝑡𝑎𝑛𝑡𝑠  𝑜𝑓  𝑡ℎ𝑒  𝑏𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘) ∗ 1	  
The	  benchmark	  had	  5	  showstoppers,	  11	  major	  issues	  and	  34	  irritants	  and	  the	  Benchmark	  HEQS	  
is	  72	  as	  shown	  in	  Table	  7	  below.	  
TABLE	  7:	  BENCHMARK	  HEQS	  SCORE	  
	  
Total	  number	  
of	  unique	  and	  
valid	  issues	  
Showstoppers	   Major	  Issues	   Irritants	   Benchmark	  HEQS	  Score	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Benchmark	   46	   1	   11	   34	   72	  
	  
The	  individual	  HEQS%	  (or	  HEQS%)	  was	  then	  calculated	  using	  the	  formula	  below.	  
𝐻𝐸𝑄𝑆%   =    (𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙  𝐻𝐸𝑄𝑆/  𝐵𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘  𝐻𝐸𝑄𝑆) ∗ 100	  
Table	  8	  shows	  the	  HEQS%	  for	  all	  participants	  listed	  by	  their	  study	  group.	  
TABLE	  8:	  HEQS%	  FOR	  ALL	  PARTICIPANTS	  
Treatment	  Group	   Control	  Group	  
Participant	   HEQS%	   Participant	   HEQS%	  
P02	   18.06	   P01	   23.61	  
P04	   4.17	   P03	   18.06	  
P07	   13.89	   P05	   19.44	  
P08	   11.11	   P09	   5.56	  
P11	   16.67	   P10	   22.22	  
Average	  HEQS%	   12.78	   Average	  HEQS%	   17.78	  
	  
The	  mean	  HEQS%	  for	  the	  treatment	  group	  was	  12.78	  (SD=5.50)	  and	  the	  mean	  HEQS%	  for	  the	  
control	   group	   was	   17.78	   (SD=7.18).	   A	   two-­‐tailed	   t-­‐test	   for	   significance	   was	   conducted	   and	  
showed	  no	  significant	  difference	  between	  the	  groups	  t(8)	  =	  2.306,	  p	  =	  .2514).	  Thus,	  the	  average	  
HEQS%	   for	   the	   Treatment	   Group	   was	   not	   higher	   than	   the	   average	   HEQS%	   for	   the	   Control	  
Group.	   This	   suggests	   that	   the	   expert	   usability	   practitioner’s	   gaze	   replay	   did	   not	   have	   any	  
significant	  impact	  on	  the	  heuristic	  evaluation	  performance	  of	  novice	  usability	  practitioners.	  
4.5	  EYE	  TRACKING	  DATA	  FROM	  NOVICE	  PARTICIPANTS	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Eye-­‐tracking	  data	  was	  collected	  for	  novice	  participants	  to	  study	  the	  effect	  of	  the	  expert’s	  gaze	  
replay	  on	  the	  participants’	  eye	  movements.	  An	  analysis	  was	  performed	  on	  data	  collected	  on	  the	  
expert’s	  video	  and	  the	  homepage	  of	  the	  stimulus	  website	  (http://www.garrettcollege.edu).	  
Nine	  Areas	  of	  Interest	  (AOIs)	  were	  created	  on	  the	  homepage.	  An	  AOI	  is	  an	  area	  on	  the	  webpage	  
that	  is	  of	  particular	  interest	  to	  the	  researcher.	  Error!	  Reference	  source	  not	  found.	  below	  shows	  
all	  the	  AOIs	  created	  on	  the	  homepage.	  These	  AOIs	  were	  created	  based	  on	  the	  rationale	  that	  the	  
Homepage	  was	  the	  only	  page	  visited	  by	  every	  participant	  during	  their	  evaluation.	  
	  
FIGURE	  12:	  HOMEPAGE	  AOIS	  ON	  GARRETTCOLLEGE.EDU	  
4.5.1	  TIME	  TO	  FIRST	  FIXATION	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Time	   to	   first	   fixation	   (seconds)	  measures	  how	   long	   it	   takes	  before	  a	  participant	   fixates	  on	  an	  
AOI	   (Tobii,	   2015).	   Faster	   times	   to	   first	   fixation	   on	   an	   object	   or	   area	  mean	   that	   it	   has	   better	  
attention-­‐getting	   properties	   (Byrne,	   Anderson,	  Douglass,	  &	  Matessa,	   1999).	  While	  measuring	  
the	  time	  to	  first	  fixation	  on	  the	  different	  AOIs,	  it	  was	  found	  that	  the	  website	  logo	  had	  the	  least	  
average	  time	  to	  first	  fixation	  first	  among	  by	  both	  the	  treatment	  group	  (3.848	  seconds)	  and	  the	  
control	  group	  (8.106	  seconds).	  The	  treatment	  group	  had	  the	  second	  best	  time	  to	  first	  fixation	  
on	   the	   spotlight	   area	   (8.374	   seconds),	   followed	   by	   the	   right	   sidebar	   (12.716	   seconds)	   and	  
primary	   navigation	   (13.634	   seconds).	   The	   control	   group	   had	   the	   second	   best	   time	   to	   first	  
fixation	   on	   the	   primary	   navigation	   (12.064	   seconds),	   followed	   by	   the	   spotlight	   area	   (25.62	  
seconds)	  and	  left	  sidebar	  (25.874	  seconds).	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The	  “Lakers	  Athletics	  News”	  section	  was	  the	   least	   likely	  to	  draw	  attention	  from	  a	  participant;	  
this	  was	   true	   for	   both	   the	   treatment	   group	   and	   control	   group.	   It	  was	  worth	   noting	   that	   the	  
control	  group	  had	  a	  higher	  average	  time	  to	  first	  fixation	  than	  the	  treatment	  group	  on	  eight	  out	  
of	  nine	  AOIs.	  The	  only	  AOI	  that	  had	  a	  lower	  time	  to	  first	  fixation	  by	  the	  control	  group	  was	  the	  
primary	  navigation.	  
4.5.2	  FIXATION	  COUNT	  
On	  the	  homepage,	  participants	  fixated	  most	  often	  on	  the	  Spotlight	  AOI,	  but	  this	  may	  be	  due	  to	  
the	  dynamic	  nature	  of	  this	  element	  (the	  slides	  changed	  every	  3	  seconds).	  Among	  the	  different	  
navigation	   AOIs	   (primary	   navigation,	   left	   sidebar,	   right	   sidebar),	   the	   treatment	   group	   fixated	  
most	  often	  on	  the	  right	  sidebar,	  which	  may	  be	  due	  to	  the	  high	  number	  of	  items	  present	  on	  the	  
sidebar	  (consistent	  with	  the	  issues	  noted	  by	  the	  participants	  in	  this	  group)	  whereas	  the	  control	  
group	  fixated	  most	  often	  on	  the	  left	  sidebar.	  See	  Figure	  14	  for	  average	  fixation	  counts	  for	  each	  
group.	   In	   the	   post-­‐evaluation	   questionnaire,	   participants	  mentioned	   that	   the	   expert	   focused	  
most	   on	   the	   primary	   navigation	   during	   his	   evaluation.	   Interestingly,	   the	   eye	   tracking	   data	  
collected	  on	  the	  homepage	  AOIs	  indicates	  that	  the	  primary	  navigation	  was	  not	  the	  most	  often	  
fixated	  upon.	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FIGURE	  14:	  FIXATION	  COUNT	  ON	  HOMEPAGE	  AOIS	  
4.5.3	  BEE	  SWARM	  ANALYSIS	  
A	  Bee	  swarm	  analysis	  was	  also	  done	  on	  the	  expert’s	  video	  to	  determine	  whether	  the	  expert’s	  
gaze	  replay	  had	  an	  effect	  on	  novices’	  visual	  attention.	  The	  bee	  swarm	  analysis	  shows	  the	  gaze	  
points	  of	   several	  participants	   simultaneously.	  This	  enables	   the	   researcher	   to	  compare	  several	  
recordings	   of	   the	   same	   stimulus	   at	   the	   same	   time.	   Figure	   15	   and	   Figure	   16	   below	   show	  
screenshots	  of	   the	  Bee	   Swarm	  video	   from	  both	   groups	  The	  Bee	   swarm	  analysis	   showed	   that	  
participants	  in	  the	  treatment	  group	  followed	  the	  expert’s	  gaze	  around	  the	  screen	  at	  most	  times	  
during	  the	  video	  was	  playing,	  but	  this	  finding	  was	  inconclusive	  as	  the	  expert	  was	  also	  using	  his	  
mouse	  cursor	  to	  point	  at	  the	  elements	  of	  the	  page	  he	  was	  reviewing.	  A	  deeper	  analysis	  of	  the	  
data	  might	  show	  more	  conclusive	  results.	  	  
11	   14.2	  
17.2	   19.8	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FIGURE	  15:	  SCREENSHOT	  OF	  CONTROL	  GROUP’S	  BEE	  SWARM	  VIDEO	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FIGURE	  16:	  SCREENSHOT	  OF	  TREATMENT	  GROUP'S	  BEE	  SWARM	  VIDEO	  
4.6	  POST-­‐EVALUATION	  SURVEY	  
Participants	   from	   both	   groups	   were	   asked	   to	   complete	   a	   post-­‐evaluation	   survey	   in	   order	   to	  
gather	   qualitative	   data	   about	   the	   different	   aspects	   of	   the	   study.	   The	   questions	   asked	   of	   the	  
participants	  and	  their	  responses	  are	  shown	  below.	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Question	  1:	  “What	  did	  you	  think	  about	  the	  expert	  video?	  What	  did	  you	  like	  about	  it?	  What	  did	  
you	  not	  like	  about	  it?	  What	  did	  you	  learn	  from	  it?”	  
This	   question	  was	   asked	   to	   gather	   feedback	   about	   the	   quality	   of	   the	   expert’s	   video	   and	   it’s	  
effect	  on	   the	  novices’	  performance.	  Participants	   responded	   that	   the	   “video	  was	   informative”	  
and	   that	   the	  expert	   “did	   a	   good	   job“	  with	   thinking	  out	   aloud	  and	  with	   “connecting	   issues	   to	  
Nielsen’s	  heuristics.”	  One	  participant	  reported	  that	  the	  expert	  “led	  me	  to	  a	  direction	  on	  what	  I	  
should	   find	   within	   my	   research/findings;”	   this	   participant	   ended	   up	   focusing	   his	   evaluation	  
more	  on	  website	  navigation.	  
Question	  2:	  “What	  did	  you	  think	  about	  the	  website	  you	  evaluated?	  What	  problems	  did	  you	  have	  
navigating	  the	  website?	  What	  went	  well?	  What	  didn’t	  go	  as	  well?”	  
This	  question	  was	  asked	   to	  understand	  whether	   the	  website	   itself	   could	  have	  had	  a	  negative	  
impact	   on	   a	   participant’s	   ability	   to	   conduct	   a	   heuristic	   evaluation.	   None	   of	   the	   participants	  
reported	  the	  website	  having	  an	  effect	  on	  their	  evaluation	  skills.	  Participants	  mostly	  reported	  on	  
the	   poor	   design	   and	   usability	   of	   the	   website.	   They	   reported	   that	   the	   website	   was	   “poorly	  
designed,”	  “was	  difficult	   to	  navigate,”	  “had	  a	   lot	  of	   inconsistencies,”	  and	  “the	  homepage	  was	  
overloaded.”	   Eight	   out	   of	   ten	   participants	   reported	   that	   the	   website	   navigation	   was	   terribly	  
broken,	  and	  hence	  their	  evaluation	  was	  focused	  on	  this.	  These	  responses	  were	  consistent	  with	  
the	  issues	  identified	  through	  the	  heuristic	  evaluation.	  
Question	  3:	  ”What	  did	  you	  think	  about	  the	  Heuristic	  Evaluation?	  What	  went	  well?	  What	  didn’t	  
go	  as	  well?”	  
Use	  Of	  Experts'	  Gaze	  By	  Novice	  Usability	  Practitioners	  To	  Perform	  A	  Better	  Heuristic	  Evaluation	  
Sree	  Anirudh	  J.	  Bhandaram	   35	  
This	  question	  was	  asked	  to	  determine	  what	  participants	  thought	  about	  the	  heuristic	  evaluation	  
in	  this	  study.	  Participants	  consistently	  reported	  that	  they	  felt	  rushed	  to	  complete	  the	  heuristic	  
evaluation	   in	   15	   minutes.	   Participants	   also	   noted	   that	   it	   was	   “tough	   to	   remember	   which	  
heuristic	  was	  being	  violated,”	   that	   they	  “couldn't	   remember	  what	   [the]	  heuristics	  were,”	  and	  
that	  they	  had	  a	  “hard	  time	  articulating	  what	  was	  wrong	  instead	  of	  reading	  off	  heuristics	  from	  
the	   spreadsheet.”	  Participant	   comments	   suggest	   that	   the	  15-­‐minute	   time	  constraint	   imposed	  
by	  the	  study	  may	  not	  have	  been	  ideal	  to	  conducting	  the	  evaluation.	  	  
Question	  4:	  “What	  did	  you	  think	  about	  the	  eye	  tracking	  study?	  Was	  this	  your	  first	  eye-­‐tracking	  
study?	  What	  went	  well?	  What	  didn’t	  go	  as	  well?”	  
This	  question	  was	  asked	  to	  determine	  whether	  the	  eye	  tracking	  may	  have	  had	  an	  effect	  on	  the	  
participants’	  evaluation	  of	  the	  website.	  Five	  out	  of	  ten	  participants	  reported	  that	  this	  was	  their	  
first	   eye-­‐tracking	   study.	   Two	   participants	  mentioned	   that	   they	   felt	  more	   aware	   of	   their	   own	  
eyes	  and	  were	  self-­‐conscious	  at	  first.	  One	  participant	  noted	  that	  the	  eye	  tracker	  was	  “not	  in	  the	  
way”	  and	  it	  was	  “never	  obtrusive	  or	  distracting.”	  
Question	  5:	  “What	  did	  you	  think	  about	  the	  Gaze	  Replay?	  What	  did	  you	  like	  about	  it?	  What	  did	  
you	  not	  like	  about	  it?”	  
This	   was	   specifically	   asked	   of	   the	   Treatment	   group	   as	   they	   saw	   the	   expert’s	   video	   with	   the	  
expert’s	  gaze	  overlaid.	  The	  gaze	  replay	  received	  mixed	  reactions	  from	  the	  five	  participants.	  All	  
five	  participants	  reported	  that	  the	  gaze	  replay	  was	  useful	  and	  it	  helped	  them	  to	  see	  what	  the	  
expert	  was	  referring	  to	  as	  he	  was	  verbalizing	  his	  evaluation.	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Consistent	  with	  Stein	  &	  Brennan	  (2004),	  some	  participants	  expressed	  confusion	  with	  the	  gaze	  
replay.	  One	  participant	  even	  mentioned	  that	  she	  initially	  thought	  the	  gaze	  replay	  to	  be	  her	  own	  
eyes	   being	   tracked.	   Participants	   also	   reported	   that	   the	   gaze	   replay	  was	   a	   little	   distracting	   at	  
times	  and	  that	  it	  covered	  up	  all	  the	  text	  behind	  it.	  
SECTION	  5:	  DISCUSSION	  AND	  FUTURE	  WORK	  
The	   key	  metric	   used	   to	   determine	   heuristic	   evaluation	   performance	   between	   the	   Treatment	  
Group	  and	  the	  Control	  Group	  was	  the	  HEQS%.	  According	  to	  Kirmani	  &	  Rajasekaran	  (2007),	  the	  
higher	  the	  HEQS%,	  the	  better	  the	  evaluator	  performance.	  	  
It	   was	   hypothesized	   that	   the	   Treatment	   Group	   would	   have	   a	   better	   heuristic	   evaluation	  
performance	  (higher	  average	  HEQS%)	  than	  the	  Control	  Group	  after	  watching	  a	  gaze	  replay	  of	  
the	  expert.	  The	  HEQS%	  values	  calculated	  in	  the	  study	  suggest	  that	  the	  effect	  of	  the	  gaze	  replay	  
was	  actually	  the	  opposite.	  The	  participants	  in	  the	  Control	  Group	  had	  a	  higher	  average	  HEQS%	  
when	   compared	   to	   participants	   in	   the	   Treatment	   Group	   although	   there	   was	   no	   significant	  
difference	  between	  the	  groups.	  
5.1	  LIMITATIONS	  OF	  THE	  STUDY	  
The	  difference	  in	  heuristic	  evaluation	  performance	  between	  the	  two	  groups	  may	  be	  attributed	  
to	  a	  number	  of	  reasons	  discussed	  in	  this	  section.	  
5.1.1	  QUALITY	  AND	  LENGTH	  OF	  GAZE	  REPLAY	  VIDEO	  
Participants	  in	  the	  treatment	  group	  watched	  a	  video	  of	  the	  expert’s	  gaze	  replay	  for	  15	  minutes	  
before	   performing	   the	   heuristic	   evaluation.	   The	   expert	   verbalized	   his	   actions	   in	   addition	   to	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pointing	  the	  mouse	  cursor	  at	  the	  issue	  area.	  This	  time	  may	  not	  have	  been	  sufficient	  to	  properly	  
communicate	  the	  value	  of	  the	  gaze	  replay.	  Moreover,	  participants	  noted	  that	  the	  red	  dot	  in	  the	  
gaze	  replay	  tended	  to	  cover	  up	  elements	  on	  the	  website	  and	  they	  couldn’t	  read	  properly.	  In	  the	  
future,	  it	  may	  be	  beneficial	  to	  make	  the	  gaze	  replay	  more	  transparent	  in	  order	  to	  not	  obscure	  
important	  content.	  Say	  more	  about	  length	  since	  that	  is	  the	  heading	  of	  this	  section.	  Or	  remove	  
from	  heading.	  
5.1.2	  DIFFERENCES	  IN	  PARTICIPANT	  EXPERIENCE	  
Previous	  studies	  have	  shown	  that	  heuristic	  evaluations,	  although	  cheap	  to	  conduct,	  have	  a	  high	  
rate	  of	  false	  alarms	  (R.	  W.	  Bailey	  et	  al.,	  1992).	  This	  was	  confirmed	  in	  this	  study	  as	  well;	   issues	  
reported	  by	   novice	   usability	   practitioners	   had	   a	   high	   percentage	   (48%)	   of	   false	   positives	   and	  
ambiguous	   issues	   that	   had	   to	  be	  discarded	   from	   final	  HEQS%	  calculations.	  Discarding	   a	  huge	  
number	  of	  reported	  issues	  may	  have	  been	  a	  factor	  in	  low	  HEQS%	  scored	  for	  participants.	  This	  
high	   percentage	   of	   false	   alarms	   may	   be	   attributed	   to	   the	   fact	   that	   participants	   had	   a	   wide	  
variety	  of	  educational	  backgrounds	  and	  may	  not	  have	  learned	  to	  perform	  a	  heuristic	  evaluation	  
the	  same	  way	  or	  using	  the	  same	  heuristics.	  Future	  studies	  could	  recruit	  participants	  from	  the	  
scholastic	   background	   (e.g.,	   students	   taking	   an	   introductory	   usability	   course)	   in	   order	   to	  
minimize	  the	  differences	  in	  experience.	  
5.1.3	  TIME	  CONSTRAINTS	  ON	  THE	  HEURISTIC	  EVALUATION	  
As	   discussed	   in	   section	   2.2	  Heuristic	   Evaluations,	   evaluators	   typically	   spend	   about	   two	  hours	  
while	  performing	  a	  heuristic	  evaluation	   (Bailey	  et	  al.,	  1992;	  Chattratichart	  &	  Lindgaard,	  2008;	  
Nielsen	   &	   Molich,	   1990).	   In	   some	   cases,	   evaluators	   are	   even	   instructed	   to	   carry	   out	   an	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evaluation	   at	   their	   own	   pace	   and	   advised	   to	   spend	   between	   one	   and	   three	   hours	  
(Chattratichart	  &	  Brodie,	  n.d.).	  This	  study	   limited	  the	  heuristic	  evaluations	  to	  15	  minutes,	  and	  
participants	  reported	  that	  they	  felt	  constrained	  by	  this	  time	  limit.	  As	  a	  result,	  participants	  may	  
not	  have	  had	  enough	   time	   to	  do	  a	   thorough	   job	  of	   evaluating	   the	   interface.	   Future	   research	  
studies	   should	   consider	   increasing	   evaluation	   time	   to	   at	   least	   one	   hour	   to	   give	   participants	  
sufficient	  time	  to	  perform	  the	  evaluation.	  
5.1.4	  SCOPE	  OF	  EVALUATION	  
Kirmani	   and	   Rajasekharan	   (2007)	   recommended	   that	   the	   scope	   of	   heuristic	   evaluation	   be	  
standardized	  for	  a	  comparative	  analysis	  if	  performed	  between	  heuristic	  evaluators.	  The	  website	  
used	  in	  this	  study	  was	  standardized,	  i.e.,	  the	  same	  website	  was	  used	  by	  all	  participants	  however	  
the	   scope	  of	  evaluation	  was	  not.	  Due	   to	   this,	  different	  participants	   created	   their	  own	  ad-­‐hoc	  
scenarios	  while	  evaluating	  the	  website.	  This	  led	  to	  different	  participants	  visiting	  and	  evaluating	  
different	   sections	   of	   the	   website.	   As	   reported	   by	   participants,	   there	   were	   a	   lot	   of	  
inconsistencies	   throughout	   the	   website	   and	   this	  may	   have	   caused	   some	   participants	   to	   find	  
more	  issues	  than	  the	  others.	  For	  future	  studies,	  the	  scope	  of	  evaluation	  should	  be	  standardized	  
and	  all	  participants	  should	  see	  the	  same	  set	  of	  pages	  in	  order	  to	  have	  a	  more	  equal	  comparison.	  
One	   way	   of	   making	   the	   scope	   of	   evaluation	   consistent	   is	   by	   using	   a	   task-­‐based	   evaluation	  
method	   such	   as	   Heuristic	   walkthroughs.	   Heuristic	   walkthroughs	   combine	   the	   benefits	   of	  
heuristic	   evaluations,	   cognitive	   walkthroughs	   and	   usability	   walkthroughs	   (Sears,	   1997)	   and	  
evaluators	  are	  guided	  by	  a	  prioritized	  list	  of	  user	  tasks	  while	  evaluating	  the	  website.	  	  
5.1.5	  FAMILIARITY	  WITH	  THE	  INTERFACE	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Previous	  studies	  on	  heuristic	  evaluations	  recommend	  that	  an	  evaluator	  make	  multiple	  passes	  of	  
the	   interface	   before	   beginning	   the	   evaluation	   in	   order	   to	   familiarize	   themselves	   with	   the	  
interface	  (Kirmani	  &	  Rajasekaran,	  2007;	  Nielsen,	  1994).	  According	  to	  Nielsen	  (1994),	  “The	  first	  
pass	  would	  be	  intended	  to	  get	  a	  feel	  for	  the	  flow	  of	  the	  interaction	  and	  the	  general	  scope	  of	  the	  
system.	  The	  second	  pass	  then	  allows	  the	  evaluator	  to	  focus	  on	  specific	  interface	  elements	  while	  
knowing	   how	   they	   fit	   into	   the	   larger	   whole.”	   In	   this	   study,	   the	   participants	   didn’t	   get	   the	  
opportunity	   to	   familiarize	   themselves	   with	   the	   website	   or	   the	   content.	   This	   may	   have	   led	  
participants	   to	   simply	   look	   for	   issues	   without	   first	   understanding	   the	   context	   of	   use	   of	   the	  
website.	  For	   future	  research,	   it	  may	  be	  worth	   letting	   the	  participant	  explore	  the	  website	   in	  a	  
free-­‐look	  task	  before	  starting	  the	  heuristic	  evaluation.	  
5.2	  SUBTLE	  GAZE	  DIRECTION	  
R.	   Bailey,	   McNamara,	   Sudarsanam,	   &	   Grimm	   (2009)	   present	   a	   unique	   method	   capable	   of	  
directing	   a	  person's	   gaze	   to	   a	   chosen	   region	  on	   screen	  by	  using	   advanced	   image	  modulation	  
techniques.	   It	   has	   been	   shown	   that	   by	   slightly	  modifying	   an	   area	   on	   screen	   by	   changing	   its	  
display	  properties,	  a	  person's	  attention	  can	  be	  directed	  to	  that	  area	  without	  affecting	  the	  task	  
performance	  or	  the	  on-­‐screen	  viewing	  experience.	  In	  future	  studies,	  researchers	  may	  be	  able	  to	  
assess	  the	  effect	  of	   including	  a	  subtle	  gaze	  direction	   in	  an	  expert's	  heuristic	  evaluation	  video.	  
For	  example,	  while	  replaying	  an	  expert’s	  heuristic	  evaluation,	  subtle	  gaze	  direction	  may	  be	  used	  
to	  direct	  novices	  to	  relevant	  elements	  on	  screen	  that	  the	  expert	  is	  referring	  to	  in	  his/her	  voice	  
over.	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SECTION	  6.	  CONCLUSION	  
Heuristic	   evaluations	   continue	   to	   be	   one	  of	   the	   cheapest	   and	  most	   used	  usability	   evaluation	  
methods.	  The	  biggest	  strength	  of	  the	  heuristic	  evaluation	  method	  is	  its	  cost-­‐effectiveness,	  and	  
the	  high	  number	  of	  true	  problems	  found	  per	  hour	  of	  evaluation	  (Cuomo	  &	  Bowen,	  1994;	  cited	  
in	  Chattratichart	  &	  Brodie,	  2002)	  although	   it	   is	  highly	  subjective	  and	  yields	  a	  number	  of	   false	  
positives.	  Since	  expertise	  in	  performing	  heuristic	  evaluations	  cannot	  be	  taught	  online	  easily,	  this	  
study	  aimed	  to	  introduce	  a	  novel	  method	  of	  communicating	  an	  expert’s	  knowledge	  to	  a	  novice	  
using	  the	  expert’s	  eye	  gaze.	  	  
Data	  collected	   from	  the	  study	  showed	   that	  although	  novice	  usability	  practitioners	   reported	  a	  
benefit	   to	   seeing	   the	   gaze	   replay,	   there	  was	   no	   significant	   difference	  on	   heuristic	   evaluation	  
performance	  as	  measured	  by	  the	  HEQS%	  score.	  Although	  useful,	  participants	  felt	  that	  the	  gaze	  
replay	   in	   the	   expert’s	   video	   could	   have	   been	   subtler	   and	   not	   obstructed	   their	   view	   of	   the	  
different	  elements	  on	  screen.	  
There	   were	   a	   number	   of	   key	   factors	   influencing	   a	   successful	   heuristic	   evaluation	   by	   the	  
participants	   including	   varied	   educational	   backgrounds,	   time	   constraints,	   undefined	   scope	   of	  
evaluation	  and	   lack	  of	  knowledge	  about	  the	  website	  being	  evaluated.	  These	   factors	  were	  not	  
the	  primary	  focus	  of	  the	  study,	  but	  they	  did	  have	  an	  effect	  on	  participant	  performance.	  Future	  
researchers	  should	  consider	  modifying	  their	  experiment	  design	  to	  accommodate	  for	  these	  key	  
factors	  as	  discussed	  in	  the	  Findings	  +	  Limitations	  section	  of	  this	  paper.	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Tobii X2 Eye Trackers are two new revolutionarily 
small, versatile and more affordable research 
products powered by our latest generation eye 
tracking technology.
Study how users experience mobile websites and 
apps or how they consume mobile content on phones, 
tablets, e-readers or other similarly sized devices.
The solution delivers the highly accurate data you need 
to test small devices where logos, text and buttons 
require highly accurate
eye tracking data and any compromise on accuracy 
can lead to the wrong conclusions.
Participants can interact with their mobile device in a 
natural way and smoothly rotate the device between 
portrait and landscape modes.
Run quantitative and qualitative studies that require 
high-quality behavioral data. Data aggregation is 
supported in both landscape and portrait modes.
Tobii X2 Eye Trackers
Tobii X2 Eye Trackers—versatile for a 
broad spectrum of research        
The 30- and 60-Hz modular eye tracking 
systems expand the options available to you 
to perform a variety of research anywhere. 
Determine exactly where people look and 
study eye movements to gain deeper insights 
into human behavior. 
The small design of the Tobii X2 Eye Trackers 
makes them the perfect choice for research 
on a laptop, PC monitor or mobile device, 
both in and out of the research lab. In 
addition, high-quality tracking over large gaze 
angles enables you to study large projections 
or real-world surfaces. 
Our uniquely large head movement tolerance 
and unparalleled tracking accuracy ensure 
valid and reliable research results.
Flexibility of software—simplified stimuli 
presentation and analysis        
Tobii X2 Eye Trackers provide the opportunity 
to work with a range of software – from Tobii 
Studio™ to compatible software such as 
E-Prime, Presentation, and Inquisit. 
To develop your own applications, use Tobii 
Analytics SDK >3.0 (Software Development 
Kit), with MATLAB and Python bindings. At 
Application Market for Tobii Eye Trackers you 
can share, download and find information 
about applications built on the Tobii Analytics 
SDK.
Tobii Studio – supports your entire 
workflow                  
Tobii Studio supports all stages of your 
research project—from preparation to data 
collection, analysis and illustration of results, 
eliminating the need for separate software for 
different stages or types of studies.
Software versions range from basic live 
viewing tools to more advanced versions 
that allow you to calculate standard eye 
tracking metrics and create visualizations of 
eye tracking data, based on areas of interest 
(AOI). Export eye tracking data for further 
analysis and significance testing in SPSS, 
Excel or other software.
Adjustable fixation filters are available for eye 
movement classifications. Use unprocessed 
(raw) gaze data with or without noise 
reduction and gap interpolation.
Step out of your research lab and go where 
you have easy access to participants in their 
natural surroundings. Collect eye tracking 
data in schools, workplaces, clinics, or 
wherever you find your research population.
Study human behavior in regard to a wide 
variety of visual stimuli and situations, on-
screen or in the real-world. The system can 
track basically any participant, which means 
you can keep over-recruitment low. 
Tobii X2 Eye Trackers are easy to install and 
operate, even for beginners such as students. 
Flush mount the eye tracker on a laptop or 
all-in-one PC to create a portable lab. With 
he eye tracker installed and configured, ju t 
plug in a single USB cable and you ar  ready 
to coll ct your data.
Tobii X2 Eye Trackers are versatile and one 
and the sam  tool can b  used for a number of 
different setups.
Tobii X2 Eye Trackers are highly compact and 
portable—ideal for efficient research anywhere.
Efficient research
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Classroom equipped with Tobii X2 Eye Trackers. 
Tobii Training and Support—hands-on 
guidance from a global organization   
Tobii hardware and software solutions are 
always offered together with world-class 
training and support through our global 
organization. Our dedicated training, 
consultancy and support teams come 
together to deliver a great customer 
experience. Training resources, webinars and 
training services are available to help you get 
started and provide the hands-on guidance 
you need to perform different types of studies.
To teach students how eye tracking can 
be applied as a tool to answer research 
questions or solve business issues, specific 
package options for both lab and classroom 
settings are offered that also include support 
for curriculum development. 
Our technical support offices in North 
America, Europe and Asia provide timely 
support for customers in all regional time 
zones.
The Accuracy and Precision Test Method 
for Remote Eye Trackers comprises a series 
of extensive tests that identify and control 
external properties and their impact on 
the eye tracker’s performance. Accuracy 
and precision is measured and reported 
under a variety of conditions—from ideal 
measurement conditions to large gaze angles, 
different illumination levels and head positions 
in the track box. Knowledge about how the 
system works allows researchers to create 
the best possible experimental conditions to 
improve and ensure data quality. Learn more 
and download test reports at tobii.com.
Tobii also provide access to a calibration 
verification tool that allows researchers to 
verify performance for individual participants, 
from within or outside Tobii Studio. Immediate 
feedback about the accuracy and precision of 
a participant’s calibration allows researchers 
to estimate accuracy errors over a population 
of participants and outliers can be eliminated 
before the recording starts, to improve 
data quality and save time. Learn more and 
download this tool at tobii.com.
Each new release of any Tobii X2 Eye Tracker is 
benchmarked according to a comprehensive test 
method to guarantee top performance. 
Data quality assurance
My decision to go with Tobii was based as much on the 
unparalleled support they provide as on the technology.”
Nicholas Hall, manager, Behavioral Lab, 
Stanford Graduate School of Business
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Technical specifications    Tobii X2-30 Eye Tracker Tobii X2-60 Eye Tracker
Sampling rate 30 Hz (std.dev. ~ 2 Hz) 60 Hz (std.dev. ~ 0.1Hz)
System latency 50 - 70 ms <35 ms
Freedom of head movement 50 x 36 cm (20 x 14”) 50 x 36 cm (20 x 14”)
Operating distance (eye tracker 
to subject) 40 - 90 cm (15.7 x 33.5”) 40 - 90 cm (15.7 x 33.5”)
Reccomended screen size Up to 25” (16:9) Up to 25” (16:9)
Accuracy See test report* See test report*
Precision See test report* See test report*










  Software and Accessories
Tobii Studio Eye Tracking Software
Tobii Analytics Software Development Kit
Partner software 
Tobii Mobile Device Stand for X2
*Tobii has developed a comprehensive test method for measuring eye tracking performance under a variety of experimental conditions. Please refer to tobii.com 
for the Tobii X2 Eye Trackers’ Accuracy and Precision Test Reports.
Scale 1:1
Tobii has developed a numberof clearly distinguishable 
technological innovations that characterize the high  
performance of our eye trackers, including our   
Tobii X2  Eye Trackers:
• Dual Sensor Technology enables 3-D vision for truly accurate  
 measurement of the distance from the sensor to the user’s eyes.  
 Improves accuracy, precision and tracking robustness.
• Uniquely large track box allows the test participant to move his/ 
 her head freely and naturally during the test session.
• Tobii eye trackers use both dark and bright pupil techniques,  
 with automatic optimization. This means you can track a wide  
 cross section of your population. 
 Learn more about our technology at tobii.com. 
Tobii technical advantage
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4.  at  i   ou t in  a out t e e e tra in  stu
Was this your first eye­tracking study? What went well? What didn’t go as well?
 
 
 
 
 
